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StereochemicalDeterminationof
2-O-MethoxyethoxymethylglycerolBearing
PolyunsaturatedFattyAcylGroupatsn-1Position
KotaroMatsumoto,YoshihiroMori??,ShuheiNakajima
NaomichiBabaandSakayuShimizu??
(DepartmentofBioresourcesChemistry)
Acorrelationofopticalrotation,opticalpurityandconfigurationoftheasym-
metriccenterwasdonefor2-O-methoxyethoxymethylglycerolbearingpolyunsatur-
atedfattyacylgroupatsn-1position.Thiscompoundwasenzymaticalyprepared
andisanimportantstartingmaterialforthesynthesesofopticalyactiveglycero-
phospholipidshavingpolyunsaturatedfattyacylgroups.
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Inrecentyears,polyunsaturatedfattyacids
such as docosahexaenoic acid (DHA) and
icosapentaenoicacid(EPA)haveattractedwide
interestbecauseoftheirdiversebutprominent
biologicalfunctions.Thesefattyacidsusualy
havecarbonnumbersof18-22.Ontheotherhand,
anumberofratherlesscommonunsaturated
fattyacidshavebeendiscoveredwhosecarbon
chainlengtharelongerby2-34ormorecarbon
atomsthanabundantones.Thesefattyacidsare
caledverylongchainfattyacids(VLCFA)and
arefoundmostlyasglycerophospholipidsand
sphingolipidsinthematuresupermatozoaofa
numberofmammalianspecies,theretina,the
humanbrainetc.??Also,VLCFA ofn-6series
were reported to occurin ratseminiferous
tubules.??Studiesontheirbiologicalroleshave
juststartedandthusitisessentialtodevelop
synthetic methods for preparing these
biomoleculessinceitisnoteasytoisolatethemin
apurestateandinalargeamountfrom the
complexmixturesofbiologicalmaterials.With
thisinmind,asyntheticrouteforaphospholipid
bearingtwokindsofpolyunaturatedfattyacyl
grouphasbeendevelopedbyus,andstereo-
chemicalassignmentoftheasymmetriccarbon
wasalsoconducted??.Therouteforthestereo-
chemicalassignmentstartsfromlipase-catalyzed
stereoselectivemono-acylationof2-O-methox-
yethoxymethylglycerol1(2-O-MEMG)toafford
anopticalyactivemonoacylglycerol2.To
determineopticalpurityandconfigurationofthe
asymmetrc carbon,this chiralglycerolwas
converted to 1-acyl-2,3-di-O-MEMG(not
shown)folowedbyreductivecleavageofthe
estergroupatthesn-1positiontogive2,3-di-O
-MEMG.Wedeterminatedtherelationbetween
itsopticalrotationanditsstereochemicalconfig-
urationaswelasitsopticalpurity??.Theiraccu-
racyandreliability,however,werenotsatisfac-
tory,since1and2withanumberofoxygen
atomswerefoundtobeveryhygroscopicandit
wasthereforedifficulttodeterminetheiraccu-
rateweight.Inherentlylowspecificrotationof2
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alsohaspreventedactiveglycerophospholipids
bearingpolyunsaturatedfattyacylgroupatsn-1
and2positions.
Thiscommunicationdescribesadifferentroute
as shown in the scheme. First, t-
butyldimethylsilyl (TBDMS) group was
introducedtothehydroxygroupatsn-3position
inanopticalyactivemonoacylglycerol2with
unknownstereochemistry.Asanextstep,we
attemptedtocleavetheestergroupatsn-1posi-
tionreductivelywithlithiumaluminum hydride
ormethylmagnesium bromide.Unfortunately,
however,theformeraffordedacomplexreaction
mixtureandthelatter,noreaction.Wefound
thatsodium borohydridecouldcleavetheester
linkagesmoothly.Thisunusualreactivity of
sodium borohydridewassupposedtobedueto
thepresenceoftheMEM groupwithoxygen
atomssuchascrownetherswhoselonepairmay
interactwithNa?,alowingactivationofthe
hydrideanions.Althoughthestereochemistryof
theglycerolderivative4freefromacylgroupat
sn-1positionwasunknown,thesamecompound
couldbeobtainedfrom 1-stearoyl-2-O-MEMG
via an intermediate 5 with known stereo-
chemicalconfiguration(S)andopticalpurity
(80% o.p.).Theconfigurationwasdetermined
previously by the stereochemicalcorrelation
from 2-O-benzyl-1-stearoyl-sn-glycerol with
knownstereochemistry.??Theopticalpurityof6
was,however,notsoreliableastobeabletobe
usedforthedeterminationoftheopticalpurityof
4.Therefore,theopticalpurityof6wasfurther
confirmedbyconvertingittoanMTPAesterand
measuringthediastereomericratiobyTLCanal-
ysis.Thus,6wasconvertedto4whichafforded
［α］?＝＋14.3°(CHCl3),80％ o.p.withR-configu-
ration.Therefore,6with100％ o.p.shouldhave
［α］?＝＋or-17.9°(CHCl3)withR-orS-configura-
tion,respectively.Usingthisvalue,thestereo-
chemistryof4fromunknown2couldbedeter-
minedbythiscorrelationsincetheremaybeno
possibilityofracemizationatsn-2carbonineach
reactionstepfrom6to4and2to4.Thus,2a
and2bwerefoundtohave～100％ o.p.withR-
configurationand95％ o.p.withR,respectively.
Obviously,theestablished maximum specific
rotationandtheconfigurationfor4canbeused
todeterminetheopticalpurityandstereochemis-
tryof2withanydifferentacylgroupatsn-1
position.
Experimental
?H NMR spectra(δH)wererecordedona
VarianVXR200or500spectrophotometer,ion
spraymassspectraweretakenwithanAPIⅢ
triplequadrupolemassspectrometerequipped
withanionsprayinterface(PE-Sciex),andopti-
calrotationswereonapolarimeter,modelJ-720
(JapanOptics).
1-Icosadienoyl-2-O-MEM-sn-glycerol(2a)?
A mixtureoftrifluoroethylicosadienoate(150
mg,0.4mmol)and2-O-MEM-glycerol(72mg,0.4
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Scheme1 ConversionofOpticalyActiveMonoacylg-
lycerol1,2withUnknownStereochemistry
and6 withKnownStereochemistrytoa
CommonProduct4 withoutUnsaturated
FattyAcylGroup.i.RCOOCF?,LipasePS;i.
Dimethy-t-butylsilylChloride,Imidazole in
DMF;ii.Sodiumborohydride.
6
mmol)wasdissolvedindistileddisopropylether
aftercompleteremovalofmoisturefrom the
esterinvacuo.LipasePS(100mg,AmanoPhar-
maceuticalCo,Japan)wasaddedandthesolu-
tionwasstirredat0°Cinanitrogenatmosphere
inthedarkfor3h.Afterthisperiod,theenzyme
wasremovedbyfiltrationandtheresidueafter
solventevaporationwaschromatographedon
silicagel(hexane/ethylacetate,7:3)affording
2ainalmostquantitativeyield(220mg).TLC
(hexane/ethylacetate,6:4):Rf＝0.20.?H NMR (
500MHz,CDCl3):δ5.35(m,8H,CH＝CH×2),4.81
(m,2H,OCH2O),4.20-3.80(m,5H,(1-3)-H),3.65
(m,2H,OCH2CH2O),3.60(m,2H,OCH2CH2O),3.
40(s,3H,OCH3),2.78(t,J＝0.7,2H,CH＝CHCH2
CH＝CH),2.35(dd,J＝7.9,7.9,2H,α-CH2),2.05
(q,J＝15.5,4H,CH2CH＝CHCH2CH＝CHCH2),
1.60(m,2H,β-CH2),1.50(m,18H,4’-9’,17’-18’
and19’-CH2×9),0.88(t,J＝7.6,3H,ω-CH3)
1-Arachidonoyl-2-O-MEM-sn-glycerol (2b)
??H NMR (200MHz,CDCl3):δ5.35(m,8H,
CH＝CH×4),4.83(s,2H,OCH2O),4.27-3.45(m,
7H,OCH2CH2Oand(1-3)-H),3.38(s,3H,OCH3),
2.80(dd,J＝4.5,11.8,6H,CH＝CHCH2CH＝CH),
2.33(m,2H,α-CH2),2.06(m,4H,4’andCH2CH＝
CH×2),1.62(m,2H,β-CH2),1.30(m,6H,17’-19’-
CH2×3),0.88(t,J＝6.4,3H,ω-CH3)
1-Icosadienoyl-2-O-MEM-3-O-TBDMS-sn-
glycerol(3a)??HNMR(200MHz,CDCl3):δ5.35
(m,4H,CH＝CH×2),4.75(s,2H,OCH2O),4.20-
3.90(m,5H,(1-3)-H),3.65(m,2H,OCH2CH2O),
3.47(m,2H,OCH2CH2O),3.38(s,3H,OCH3),2.76
(dd,J＝7.2,7.2,6H,CH＝CH＝CH2CH＝CH),2.31
(m,2H,α-CH2),2.04(q,J＝7.3,4H,CH2CH＝
CHCH2CH＝CHCH2),1.62(m,2H,β-CH2),1.30
(m,18H,4’-9’and17’-19’-CH2×9),0.85(m,12H,ω
-CH3 and OSi(CH3)2(CH 3)3),0.03 (s,6H,
OSi(CH3)2)
2-O-MEM-3-O-TBDMS-sn-glycerol(4)?A
mixtureof2a(140mg,0.26mmol)andNaBH4(15
mg,0.39mmol)inmethanol(5ml)wasrefluxed
for1day.Afterthereaction,water(3ml)was
addedandtheproductwasextractedwithdiethyl
ether3times.Afterremovingthesolvent,the
residuewaschromatographedonsilicagel(hex-
ane/ethylacetate,7:3)togive4in61% yield.
TLC (hexane/ethyl acetate,8:2):Rf＝0.18.?H
NMR (500MHz,CDCl3):δ4.80(s,2H,OCH2O),
3.85-3.40(m,7H,OCH2CH2Oand(1-3)-H),3.38
(s,3H,OCH3),0.8(s,9H,OSi(CH3)2C(CH3)3),0.03
(s,6H,OSi(CH3)2)
1-Linoleoyl-2-O-MEM-3-O-TBDMS-sn-
glycerol(5)??HNMR(500MHz,CDCl3):δ5.35
(m,5H,CH＝CH×2),4.80(s,2H,OCH2O),4.20-
4.05(m,5H,(1-3)-H),3.75(m,2H,OCH2CH2O),
3.70(m,2H,OCH2CH2O),2.76(t,J＝7.5,2H,CH＝
CHCH2CH＝CH),2.31(m,2H,α-CH2),2.04(q,
J＝7.5,2H,CH2CH＝CHCH2CH＝CHCH2),1.62
(m,2H,β-CH2),1.30(m,14H,4-7’and15’-17’-
CH2×7),0.88(m,12H,18’-H and OSi(CH3)2
(CH3)3),0.03(s,6H,OSi(CH3)2(CH3)3)
１-Arachidonoyl-2-O-MEM-3-O-TBDMS-
sn-glycerol(3b)??H NMR(200MHz,CDCl3):δ
5.35(s,8H,CH＝CH×2),4.80(s,2H,OCH2O),
4.20-4.00 (m,5H,(1-3)-H),3.65 (m,2H,
OCH2CH2O),3.47(m,2H,OCH2CH2O),3.38(s,
3H,OCH 3),2.88 (dd,J＝5.0,13.0,CH＝
CHCH2CH＝CH),2.31(dd,J＝8.0,8.0,2H,α-
CH2),2.06(m,4H,CH2CH＝CH×2),1.62(m,2H,
β-CH2),1.30(m,6H,17’-19’-CH2),0.80(s,12H,20’
andOSi(CH3)2(CH3)3),0.03(s,6H,OSi(CH3)2)
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Sn-1位に多価不飽和脂肪酸を結合する
2-O-methoxyethoxymethylglycerolの立体配置決定
松本好太郎・森 義裕??・中島 修平・馬場 直道
清水 昌??
（岡山大学農学部生物資源化学講座）
自然界に広く存在し，重要な生理機能を担っている多価不飽和脂肪酸結合リン脂質の化学的合成に必要な
出発原料としての２-O-methoxyethoxymethylglycerolの立体配置と光学純度を，立体配置・光学純度既知
の物質に化学的に誘導し，それらの比旋光度をお互いに比較する事により決定した．
a)岡山大学大学院自然科学研究科生命分子科学専攻
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